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(54) PULSE WIDTH MODULATING AND AMPLIFYING CIRCUIT 



(57)Abstract: 

PURPOSE: To provide a pulse width modulating and amplifying circuit capable 
of suppressing the generation of distortion even at the time of connecting a 
protection circuit. 

CONSTITUTION: The pulse width modulating and amplifying circuit having a 
comprementary circuit 6 consisting of a P-ch field effect type transistor(FET) 4 
and an N-ch FET 5 as an output stage is provided with a current detecting circuit 
17 serially connected to the source of the FET 5 to detect that a current is more 
than a prescribed value and a switch circuit 19 for controlling a power supply to 
an OFF state based on the detection output of the circuit 17. 
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CLAIMS 



[Claim(s)] 



[Claim 1] The pulse-width-modulation amplifying circuit characterized by having 
a current detection means to detect that connected with the source of N channel 
field-effect transistor at the serial, and the current flowed beyond the 
predetermined value in the pulse-width-modulation amplifying circuit which uses 
the complementary circuit of a P channel field-effect transistor and N channel 
field-effect transistor as an output stage, and a cutoff means to control a power 
source to an OFF state based on the detection output of a current detection 
means. 

[Claim 2] The Pulse-Density-Modulation amplifying circuit characterized by 
having the high-pass filter which extracts a carrier ripple by considering the 
output of a low pass filter as an input in the Pulse-Density-Modulation amplifying 
circuit which equipped the output stage with the low pass filter, a detection 
means to detect that the output level of a high-pass filter became under the 
predetermined value, and a cutoff means to control a power source by the 
detection output from a detection means to an OFF state. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the Pulse-Density-Modulation 
amplifying circuit equipped with the protection network from destruction by the 
short circuit of an outgoing end, the ground, etc. in more detail about a 
Pulse-Density-Modulation amplifying circuit. 
[0002] 

[Description of the Prior Art] The conventional Pulse-Density-Modulation 
amplifying circuit the sound signal as an input signal amplified by amplifier 1 as 
shown in drawing 3 The oscillation output from the oscillator which is not 
illustrated is supplied to the Pulse-Density-Modulation circuit 2 supplied as a 
carrier signal (for example, frequency of 100-200kHz). Pulse width modulation is 
carried out. based on the level of a sound signal, the duty ratio of a carrier signal 
is changed by the pulse-width-modulation circuit 2 — The drive circuit 3 is 
supplied, the reversal pulse which reversed the Pulse-Density-Modulation output 
in the drive circuit 3 is generated, and a Pulse-Density-Modulation output and its 
reversal pulse are outputted. 

[0003] With the pulse-width-modulation output outputted from the drive circuit 3, 
the complementary circuit 6 which consists of a P channel field-effect transistor 4 



and an N channel field-effect transistor 5 is driven, and the complementary 
circuit 9 which consists of a P channel field-effect transistor 7 and an N channel 
field-effect transistor 8 is driven by the reversal pulse of the 
pulse-width-modulation output outputted from the drive circuit 3. The output of 
complementary circuits 6 and 9 is supplied to the low pass filter 13 which 
consists of coils 10 and 11 and a capacitor 12, removes a high frequency 
component with a low pass filter 13, and is driving the loudspeaker 14 with the 
output of a low pass filter 13. Here, the drive circuit 3, complementary circuits 6 
and 9, and a low pass filter 13 constitute the balun SUTOTORANSUFOMA loess 
circuit. 

[0004] Furthermore, the current detector 15 where a detection current detects 
beyond a predetermined value was connected, when the switching circuit 16 
which intercepts a power source with the output of the current detector 15 was 
formed and the current beyond a predetermined value flowed a complementary 
circuit 6 and/or 9, the power source was intercepted, resistance detects the 
current which flows to P channel field-effect transistor 4 and 7 side in 
complementary circuits 6 and 9, and the transistor is protected from destruction. 
[0005] 

[Problem(s) to be Solved by the Invention] However, according to the 



above-mentioned conventional Pulse-Density-Modulation amplifying circuit, 
resistance will be connected to the power-source side of a complementary circuit 
at a serial for current detection, and there was a trouble that the effectiveness 
which is the description of a Pulse-Density-Modulation amplifying circuit was 
reduced. When this uses a field-effect transistor with the low on resistance 
between the drain-sources, decline in effectiveness becomes remarkable. 
Furthermore, when resistance is connected to a serial at the on resistance of a 
field-effect transistor, a difference will arise between the on resistance of the 
field-effect transistor by the side of a power source, and the on resistance of the 
field-effect transistor by the side of a ground. Although amplitude modulation 
started the pulse output for the voltage drop by on resistance, when the 
difference was in the on resistance of the vertical field-effect transistor of 
KOMPURIMENTARI, this amplitude modulation component was not offset but 
there was also a trouble that this led to distorted generating. This distortion 
cannot be disregarded when driving especially the load of low impedance. 
[0006] This invention aims at offering the Pulse-Density-Modulation amplifying 
circuit where it is protected from destruction by the overcurrent, and distorted 
generating or decline in effectiveness is controlled. 
[0007] 



[Means for Solving the Problem] The pulse-width-modulation amplifying circuit of 
this invention is characterized by having a current detection means to detect that 
connected with the source of N channel field-effect transistor at the serial, and 
the current flowed beyond the predetermined value, and a cutoff means to 
control a power source to an OFF state based on the detection output of a 
current detection means in the puise-width-modulation amplifying circuit which 
uses the complementary circuit of a P channel field-effect transistor and N 
channel field-effect transistor as an output stage. 

[0008] The Pulse-Density-Modulation amplifying circuit of this invention is 
characterized by having the high-pass filter which extracts a carrier ripple by 
considering the output of a low pass filter as an input, a detection means to 
detect that the output level of a high-pass filter became under the predetermined 
value, and a cutoff means to control a power source by the detection output from 
a detection means to an OFF state in the Pulse-Density-Modulation amplifying 
circuit which equipped the output stage with the low pass filter. 
[0009] 

[Function] According to the pulse-width-modulation amplifying circuit of this 
invention equipped with the current detection means and the cutoff means, when 
an overcurrent flows to a field-effect transistor, a power source is intercepted by 



the cutoff means and a field-effect transistor is protected from destruction by the 
overcurrent. In this case, the current detection means is connected to the source 
of N channel field-effect transistor. Generally the resistance between the 
drain-sources of a structure top N channel field-effect transistor of the power 
metal oxide silicon field effect transistor for complementary connection is lower 
than the resistance between the drain-sources of a P channel field-effect 
transistor. For this reason, resistance is used for current detection and the 
difference between the on resistance of the field-effect transistor by the side of a 
power source and the on resistance of the field-effect transistor by the side of a 
ground decreases by connecting this resistance to N channel field-effect 
transistor. Consequently, distorted aggravation is controlled by having 
connected current detection resistance to N channel field-effect transistor. 
[0010] According to the Pulse-Density-Modulation amplifying circuit of this 
invention equipped with the high-pass filter, the detection means, and the cutoff 
means, the carrier ripple remains to the output of a low pass filter, and a carrier 
ripple is detected by the high-pass filter. When the level of a carrier ripple 
becomes under a predetermined value, a power source is intercepted by the 
cutoff means. Here, when level under based on [ although a carrier ripple 
decreases ] a predetermined value, i.e., a carrier ripple, in the output level of a 



high-pass filter, such as a short circuit of a load and the ground, therefore 
becomes under a predetermined value, a power source is intercepted, and a 
field-effect transistor is protected from destruction by the overcurrent. In this 
case, current detection resistance is not necessarily connected to switching 
devices, such as a field-effect transistor, at a serial, and aggravation of the 
effectiveness of a Pulse-Density-Modulation amplifying circuit is controlled. 
[0011] 

[Example] An example explains this invention below. Drawing 1 is the block 
diagram showing the configuration of the 1st example of this invention. 
[0012] **** 1 example is an example in the case of the Pulse-Density-Modulation 
amplifying circuit which collaborates with a balun SUTOTORANSUFOMA loess 
circuit like the above-mentioned conventional example. 

[0013] In **** 1 example, the same sign is attached and shown in the same 
component as the component shown in drawing 3 , and in order to avoid 
duplication, the explanation is omitted. In **** 1 example, the current detector 17 
is connected to the source side of N channel field-effect transistor 5, resistance 
detects the current which flows to a complementary circuit 6, and it detects that a 
detection current is beyond a predetermined value. The switching circuit 19 
which intercepts a power source with the detection output of the current detector 



17 is driven, and a power source is intercepted by the switching circuit 19. 
[0014] Similarly, the current detector 18 is connected to the source side of N 
channel field-effect transistor 8, resistance detects the current which flows to a 
complementary circuit 9, and it detects that a detection current is beyond a 
predetermined value. The switching circuit 19 which intercepts a power source 
with the detection output of the current detector 18 is driven, and a power source 
is intercepted by the switching circuit 19. 

[0015] Next, an operation of **** 1 example constituted as mentioned above is 
explained. If the current beyond a predetermined value flows to a 
complementary circuit 6, it will be detected by the current detector 17, and a 
switching circuit 19 is opened with the output of the current detector 17, a power 
source is intercepted, and a complementary circuit 6 is protected from 
destruction by the overcurrent. Similarly, if the current beyond a predetermined 
value flows to a complementary circuit 9, it will be detected by the current 
detector 18, and a switching circuit 19 is opened with the output of the current 
detector 18, a power source is intercepted, and a complementary circuit 6 is 
protected from destruction by the overcurrent. 

[0016] However, since the current detectors 17 and 18 are connected to the 
source of N channel field-effect transistors 5 and 8 in this case at each **, 



respectively, Even if resistance is used for current detection and this resistance 
is connected to the source of N channel field-effect transistor The resistance 
between the drain-sources of the structure top N channel field-effect transistors 
5 and 8 is lower than the resistance between the drain-sources of the P channel 
field-effect transistors 4 and 7. By connecting current detection resistance to N 
channel field-effect transistor, the difference between the on resistance of P and 
N channel field-effect transistor will decrease, and distorted aggravation will be 
controlled. 

[0017] In addition, although the case of the pulse-width-modulation amplifying 
circuit which collaborates with a balun SUTOTORANSUFOMA loess circuit in 
the 1st above-mentioned example was illustrated, the complementary circuit 
does not need to be a pair, and even if it is one of circuitry, it is applicable [ even 
if it is not a balun SUTOTORANSUFOMA loess circuit, it is applicable, and ] 
similarly. 

[0018] Next, the 2nd example of this invention is explained. Drawing 2 is the 
block diagram showing the configuration of the 2nd example of this invention. 
[0019] The 2nd example is an example in the case of collaborating with a balun 
SUTOTORANSUFOMA loess circuit like the 1st example of the above. 
[0020] In **** 2 example, the amplitude detector 21 which detects that the output 



level of the high-pass filter 20 which extracts a carrier ripple by considering the 
output of each outputting point A and B of a low pass filter 13 as an input, and a 
high-pass filter 20 became under the predetermined value instead of the current 
detectors 17 and 18 and switching circuit 19 in the 1st example, and the 
switching circuit 22 which controls a power source by the detection output of the 
amplitude detector 21 to an OFF state were formed. 

[0021] In **** 2 example, the complementary circuit 61 corresponding to the 
complementary circuit 6 in the 1st example In addition, P, Although the case 
where constituted from N channel junction field effect transistors 41 and 51, and 
the complementary circuit 91 corresponding to the complementary circuit 9 in the 
1st example is constituted from P and N channel junction field effect transistors 
71 and 81 is illustrated Instead of P and N channel junction field effect transistors 
41, 51, 71, and 81, it is P and the N-channel MOS field-effect transistor like the 
case of the 1st example, and does not interfere. 

[0022] Next, an operation of the 2nd example constituted as mentioned above is 
explained. A complementary circuit 61 drives with the pulse modulation output 
from the Pulse-Density-Modulation circuit 2 outputted through a driver circuit 3, 
and a complementary circuit 91 drives by the reversal PAL outputted from the 
driver circuit 3 which reversed the pulse modulation output from the 



Pulse-Density-Modulation circuit 2. 

[0023] The output of a complementary circuit 61 and the output of a 
complementary circuit 91 remove the carrier signal component which was 
supplied to the low pass filter 13 and supplied to the pulse modulation circuit 2, 
and a loudspeaker drives them with the output of a low pass filter 13. In this case, 
the output of the outputting points A and B of a low pass filter 13 is supplied to a 
high-pass filter 20, and it is extracted, the carrier signal component, i.e., the 
carrier ripple, under output of a low pass filter 13. 

[0024] Although the carrier ripple is removed by the low pass filter 13, a carrier 
ripple remains during the output of a low pass filter 13, and a residual carrier 
ripple is extracted by the high-pass filter 20. When the output level of the 
high-pass filter 20 which extracted the residual carrier ripple becomes under a 
predetermined value, it is detected in the amplitude detector 21. If it is detected 
that it is under a predetermined value in the amplitude detector 21, a switching 
circuit 22 will drive and a power source will be controlled by the switching circuit 
22 by the OFF state. 

[0025] When the carrier ripple in the outputting point of a low pass filter 13 is 
equiphase, the carrier ripple between the outputting points AB decreases, but 
unless the impedance of a capacitor 12 is 0 in the frequency of a carrier ripple, a 



carrier ripple remains. Although an excessive current flows to complementary 
circuits 61 and 91 when this residual carrier ripple does not appear when 
between the outputting points AB connects too hastily, and the outputting points 
A or B connect with a power source or a ground too hastily, a carrier ripple does 
not appear. 

[0026] However, since it is detected by the amplitude detector 21 and a power 
source is intercepted when the output level of a high-pass filter 20 becomes 
under a predetermined value, complementary circuits 61 and 91 can be 
protected from destruction by the overcurrent, without calling at a current 
detector, and the lowering and the distorted increment in effectiveness are 
controlled further. 

[0027] In addition, although the case of the pulse-width-modulation amplifying 
circuit which collaborates with a balun SUTOTORANSUFOMA loess circuit in 
the 2nd above-mentioned example was illustrated, the complementary circuit 
does not need to be a pair, and even if it is one of circuitry, it is applicable [ even 
if it is not a balun SUTOTORANSUFOMA loess circuit, it is applicable, and ] 
similarly. 
[0028] 

[Effect of the Invention] As explained above, the field-effect transistor which 



constitutes an output stage since according to the pulse-width-modulation 
amplifying circuit of this invention it constituted so that a power source might be 
intercepted when a current detector was connected to the source of N channel 
field-effect transistor of a complementary circuit and it became a ****** current or 
beyond a predetermined value can be protected from destruction by the 
overcurrent, and it is effective in it being controlled that distortion of a 
pulse-width-modulation amplifying circuit increases. 

[0029] Moreover, since it constituted so that a power source might be 
intercepted when a high-pass filter extracted the carrier ripple which remains 
during the output of a low pass filter and the output level of a high-pass filter 
became under a predetermined value, while being able to protect the field-effect 
transistor which constitutes an output stage from destruction by the overcurrent, 
without a current detector connecting, it is effective in it being controlled that the 
effectiveness of a Pulse-Density-Modulation amplifying circuit falls. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 



[Drawing 1] It is the block diagram showing the configuration of the 1st example 
of this invention. 

[Drawing 2] It is the block diagram showing the configuration of the 2nd example 
of this invention. 

[Drawing 3] It is the block diagram showing the configuration of the conventional 
example. 

[Description of Notations] 

2 Pulse-Density-Modulation Circuit 

3 Drive Circuit 

4, 7, 41, and 71 P channel field-effect transistor 

5, 8, 51, and 81 N channel field-effect transistor 

6, 9, 61, and 91 Complementary circuit 
13 Low Pass Filter 

17 and 18 Current detector 

19 and 22 Switching circuit 

20 High-pass Filter 

21 Amplitude Detector 
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